Aim: High resolution imaging methods detect a spectrum of inflammatory-like and structural modifications at joint and tendon level in healthy subjects. The knowledge of their extent and degree is important when subclinical disease activity (implying therapy reassessment) must be differentiated from normality. Musculoskeletal ultrasound (MSUS) evaluation may be challenging even for experts when borderline or low grade lesions are present. Our objective was to analyse the frequency of inflammatory-like lesions in hand joint and tendons in healthy young subjects and to evaluate the concordance between MSUS and magnetic resonance imaging (MRI) findings. Material and methods: Ten healthy young women (age range 24-32 years) clinically asymptomatic (joints and tendons) were selected to have bilateral hand MSUS and MRI evaluation. Based on current definitions, synovitis/tenosynovitis-like lesions, erosions, osteophytes and bone edema were quantified and concordance between the two imaging methods was calculated. Results: Overall, both imaging evaluation methods showed a low frequency of inflammatory-like and structural lesions. No joint presented power Doppler signal or erosions. No abnormalities suggestive for inflammatory or structural pathology were detected at the tendon compartments level. No erosions and no signs of osteitis were detected. The concordance between MSUS and MRI findings was high except for the wrist area. Conclusion: MSUS was demonstrated to be a very accurate imaging method, mostly for hand tendon evaluation. This would allow a better discrimination between normality and pathologic findings, adding supplementary information.
Introduction
The border between imaging spectrum of normality in joints and tendons and subclinical pathology in rheumatoid arthritis (RA) is still under debate. Treatment readjustment represents a big challenge for practitioners when subclinical mild inflammatory lesions are detected.
Clinical and imaging remission reflects a different dimension of normality, the dissociation between the two being highlighted in several studies [1] [2] [3] . Imaging studies on RA patients in clinical remission, overlapping or not with patients' opinion for RA remission, certify the presence of residual inflammatory findings in joints as well as in tendons . Among high resolution imaging methods, musculoskeletal ultrasound (MSUS) was demonstrated to be more suitable for clinical practice and studies, allowing more data collection in terms of patient numbers, in comparison to magnetic resonance imaging (MRI). Indeed, it has been shown to be a very attractive imaging tool because of its accuracy and feasibility in early as well as in longstanding disease [22] [23] [24] .
Several MSUS studies focusing on healthy subjects identified the presence of grey scale inflammatory pathol-ogy-like findings (mild, prevalent effusion), mostly in the wrists (dominant hand) and rare in metacarpophalangeal joints (MCPj) or proximal interphalangeal joints (PIPj). These modifications were correlated with biomechanical factors and age [25] [26] [27] [28] [29] [30] [31] . Instead, tenosynovitis/tenosynovitis-like modifications and Power Doppler signal (PDUS) at joint and tendon level were depicted very rarely in healthy populations [32] [33] [34] [35] . Recently, a longitudinal study on healthy women focused attention especially on flexor tendons in the hands, MCPj and extensor carpi ulnaris tendon (ECU) that seem to have a very low frequency of modifications in the younger healthy population. These structures were found to show stability in time when exposed to different factors linked to pregnancy status/ postpartum period [36] .
Hands MRI studies in healthy subjects identified a low prevalence of true low-grade synovitis or synovitislike changes (minimal early synovial enhancement) in MCPj and wrists. Osteophytes, small bone erosions and bone marrow edema were occasionally found. In contrast, a common finding was tendon sheath effusion identified on MRI without contrast [29, 31, 32, 34, 37] .
Only one study evaluating MCPj in RA patients included a low number of controls which were evaluated by both imaging methods -MSUS versus contrast MRI, showing no synovial membrane thickening on greyscale MSUS, no intra-articular power Doppler (PD) signal and no or only slight synovial enhancement on dynamic MR images [27] . By now, no comparative MSUS vs MRI study in healthy subjects focusing on hand tendons was performed.
Our objective was to analyse the frequency of inflammatory-like lesions in hand joint and tendons in healthy young subjects and to evaluate the concordance between MSUS and MRI findings. The main focus was addressed to the wrist area, MCPj 2-5, ECU and flexor tendons.
Material and methods
This was a prospective cross-sectional study performed in May 2018. Ten healthy young women, age >18 years, clinically asymptomatic, with low up to moderate level of physical effort were selected. Exclusion criteria were: age >35 years, diagnosis of a current acute/subacute or chronic inflammatory/autoimmune rheumatic disease, history of NSAIDs/painkiller administration in the last 6 weeks, history of trauma in the hands in the last 2 years, intense physical activity involving hands (hard work/sport). All participants signed the informed written consent prior enrolment and local Ethical Committee approval was obtained.
Following demographic data were collected: type of profession, type of physical work/sport involving hands, dominant hand, personal and family medical history, current medication other than specified in the exclusion criteria, smoking, body mass index (BMI). Clinical, MSUS and MRI evaluation of the hands was done in an interval of maximum 72 hours, by a senior doctor with >10 years of experience.
Clinical examination
Clinical examination (CE) was focused on the following anatomic regions and structures: wrist, MCPj 1-5, PIPj 1-5, bilateral hand extensor tendon compartments 1-6, flexor pollicis longus tendon (FPL) and superficial and profound flexors of the digits 2-5 (F2-5) of both hands. The absence of any pain in active/passive motion along with a normal range of motion qualified the subject for the study.
MSUS examination MSUS evaluation of both hands was performed on the same day as CE, according to current guidelines [22] , in the same regions as CE. If present, following elementary lesions were recorded: joint synovial hypertrophy/effusion (SH/E) by grey scale (GS), intra-articular PD signal, erosions, osteophytes, SH/E and intra-tendon sheath and/ or intra-tendon belly PD signal. The OMERACT definitions for synovitis, tenosynovitis, effusion, erosion and osteophytes were used [38, 39] . Joint and tendon pathology was quantified with a semi-quantitative scoring system for small joints [40] and tendons [39] . For erosions and osteophytes, a dichotomous (normal or abnormal) scoring system was used. Dorsal and volar scoring of each MCPj and PIPj were merged into a single scoring/ joint. If dorsal and volar scoring of one joint were different (one was normal and other was abnormal) the abnormal finding for SH, E and PD was chosen to be recorded as a single elementary lesion. Tendon examination was performed in a multi-plane (at the level of the extensor retinaculum for C1-C6 to the distal insertion and from the level of the flexor retinaculum up to the distal insertion for FPL, F2-F5) and dynamic fashion, according to specific manoeuvres. Lateral sites of MCPj 2 and 5 were also evaluated for erosions.
A Samsung RS 85 machine equipped with a 3-16 MHz broadband multi-frequency linear transducer was used. GS settings were adjusted in a standardized manner for superficial anatomic regions. The settings for PD examination were low filter wall and pulse repetition frequency for small vessels with slow flow 500-750 Hz.
MRI evaluation
A General Electric Sigma Explorer scanner 16 channels, 1.5-T, with dedicated hand protocol was used.
The following MRI 2D, without gadolinium administration, sequences were acquired: STIR (Short Tau Inversion Recovery), T2 MERGE (Multiple Echo Re-combined Gradient Echo) and T1 FSE (Fast Spin Echo). STIR was performed in axial plane; slices perpendicular on the metacarpal and phalangeal bones, included the radio-ulnar joint and the distal phalangeal bone of 3 rd finger. T2 MERGE and T1 FSE in coronal plane covered the whole region, from dorsal to the palmar aspect. Slices were obtained parallel to the metacarpal and phalangeal bones. The same joint/tendon set as in MSUS evaluation was assessed together with following bones: distal radius epiphysis, carpal bones, digit 1-5 metacarpal, proximal and distal phalanx bones. Acquisition parameters are shown in Table I .
All MR images were assessed by a trained musculoskeletal radiologist with more than 14 years of experience who was blinded to clinical details. The following parameters were assessed based on the Outcome Measures in Rheumatology Clinical Trials (OMERACT) Rheumatoid Arthritis MRI Scoring System (RAMRIS): joint synovitis, bone marrow edema, bone erosions [41] . According to the present MRI protocol, without contrast, only joint capsule distension was possible to be identified. Absence of fluid was evaluated with 0 and fluid-like capsule distension (mild, moderate and severe) with 1, 2, and 3.
The fluid-like signal inside the tendon sheaths was measured according to a previous MRI protocol described [42] at the point of maximal thickness, perpendicular to the tendon surface. Bone marrow edema and erosions were noted when present or absent. Intra-osseous cysts were defined as sharply demarcated hyper-intense lesions within the bone on any fluid-sensitive MRI sequences, visible on two planes, without destruction of the overlaying cortical bone. Cysts were quantified using a dichotomous score.
Statistical analysis
Data were summarized according to their type. The quantitative data were presented as a median and interquartile range (IQR = Q1-Q3, where Q1 = first quartile, Q3 = third quartile). Absolute frequencies expressed as the number of cases with a specific characteristic divided to the number of possibilities were used to summarize the presence of effusion (E), synovial hypertrophy (SH), erosion (ER), and respectively osteophyte (O). The concordance between MSUS and MRI findings was evaluated by dividing the number of agreements to the number of cases and the percentages were reported associated with the 95% confidence interval [43] .
Results
Ten healthy volunteers, all women, age between 24 and 32 years (median 29, IQR [26.00-31.25]) were included. All participants were right handed, half of them showing history of moderate physical effort. One participant had Hashimoto thyroiditis. Family history of RA was present in two participants and skin psoriasis and morfea in two other participants.
Most participants had normal body mass index (8/10), while two of them were obese (BMI range from 18 kg/m 2 to 28 kg/m 2 , median of 19 kg/m 2 and IQR (19 to 22) . Four out of 10 participants were smokers (≤8 cigarettes/day).
Overall, a low frequency of inflammatory-like and structural lesions were identified. MSUS evaluation identified SH in 7/20 (35%, 95%CI [15.25 to 59.75]) wrist joints, with distribution in both hands (4 of grade 1 and 3 of grade 2), grade 1 effusion in 6/80 (7.5%, 95%CI [2.52 to 14.98]) MCPj 2-5, one joint having in addition SH grade 1 (1.25%). Osteophytes were detected in 2/80 (2.5%, 95%CI [0.02 to 8.73]) MCPj 2-5 and in 40/100 (40%, 95%CI [30.01 to 49.99]) of the PIPj 1-5. No joint presented PD signal or erosions. In one subject, a nutritive vessel at the level of the 3 rd metacarpal head was detected. No abnormalities were detected at the tendon compartments level. Dynamic tendon evaluation was asymptomatic and showed a smooth gliding of the tendons along with a normal joints range of motion. A small amount of fluid/fluid-like material, grade 1 (<1.5 mm, range 0.3-1.2 mm, mostly concentric) was detected inside the flexor tendon sheaths in several locations, in all participants, with the highest amount detection at MCPj level.
MRI evaluation identified very small quantities of effusion (grade 1) at the level of the MCPj 1 in 2/20 (10%, 95%CI [1.00 to 59.00]), MCPj 2-5 in 5/80 ( The overall concordance between US findings and MRI findings was evaluated whenever the results presented in Table II were discordant. Results are presented in Table III .
The lowest concordance between MSUS and MRI was found in wrist (65%) and PIP for osteophytes (72%). MRI detected a number of 5 MCPj 2-5 with effusion ver-sus 6 effusions detected on MSUS, showing high concordance among the methods. Flexor tendon evaluation and ECU showed 100% concordance MSUS vs MRI.
In figure 1 there are some findings encountered during MSUS and MRI examinations.
Discussions
Our study is the first to compare MSUS with MR findings in healthy subjects at the hand level. The concordance calculation between the two methods raised several issues to be clarified at the wrist, MCPj and tendon level.
Concordance for tendon findings was 100%, confirming that multi-plane and dynamic USMS evaluation identifies with high accuracy the normal aspect of these structures. In addition, we confirmed with both methods that young healthy subjects, performing moderate daily hand effort, present no grey scale or Doppler pathology at tendon level. Our focus was especially oriented on flexor tendon since a previous MSUS study performed in pregnant versus non-pregnant healthy women (n=20 vs n=75) confirmed the absence of hand flexor tendon pathology in both groups, cross-sectional and longitudinal [36] .
Tenosynovitis is a complementary, but different facet of the inflammatory involvement in RA and is present from early disease stages [44] [45] [46] . In this sense, imaging evaluation could add important information to the algorithm increasing the specificity of the new ACR/EULAR classification criteria for RA, especially for early phases [44, 47, 48] .
In order to understand how to include tendon inflammatory pathology in our clinical algorithm it is important to know about the frequency of such abnormalities in healthy subjects.
Our findings are in line with other studies focusing on tendon evaluation in healthy subjects or including SH -synovial hypertrophy, E -effusion, O -osteophyte, MCP -metacarpophalangeal, PIP -proximal interphalangeal, no -the number of concordances, n -total number of the evaluated structure, * none of the effusion identified by MSUS was identified by MRI and none of the effusion identified by MRI was identified by MSUS, ** in 14 cases the osteophytes were identified by both MSUS and MRI healthy control groups, showing a very low prevalence of pathologic findings, mostly unilateral, which correlates probably more with age and intense physical activity involving hands. A prospective MRI study focusing on the hand structures evaluation in 23 healthy subjects (range of 25-86 years) found out that only 4.3% (1 subject) presented extensor tendon involvement vs 17.4% (4 subjects) showing flexor tenosynovitis. In this study, the subjects were much older compared with our subjects [29] .
Another study compared the prevalence of tenosynovitis in the hands in RA patients vs 20 controls. Tenosynovitis of the flexor tendons was present in 65% of patients vs only 1 of the 20 (5%) controls/1 tenosynovitis [32] . No tenosynovitis of the flexor tendons was found in the control group (n=10) of another study that addressed tenosynovitis as an important MRI finding in early RA [48] . In both these studies, the participants were older than in our study and tenosynovitis in the control group was assessed on gadolinium-enhanced MRI images.
Wakefield et al analysed a group of not treated early RA patients using MSUS and MRI. They found a frequency of 28% vs 64% digit flexors tenosynovitis and 14% vs 40% for the extensors, in favor of MRI evaluation. No tenosynovitis was detected in the control group of health subjects but they underwent only MSUS evaluation [49] .
The largest prospective MRI study performed on 42 healthy volunteers identified fluid inside the tendon sheath as being a very common finding in at least 1 location. The authors concluded that fluid in the finger flexor tendon sheaths may be a normal finding and that one should be cautious when interpreting these findings as pathology in MRI images without gadolinium administration [31] .
In our study we performed in each tendon a multiplanar and dynamic MSUS evaluation. All tendons that were evaluated as normal, not only fulfilled the morphologic normality criteria but showed also a smooth gliding pattern of the tendon in relation to the surrounding structures, with a normal range of motion; PD signal was absent in all evaluated tendons. Generally, MSUS information obtained during dynamic manoeuvre scan may be of great value when differentiating true inflammatory pathology from imaging inflammatory-like pathology. A truly inflamed tendon will show gliding abnormalities together with a variable spectrum of morphologic modifications in the tendon sheath/tendon belly. MSUS evaluation has this advantage over MRI where only morphologic information can be depicted [39, 50] . At this point we could hypothesize that tenosynovitis could be a very feasible discriminative imaging parameter between healthy subjects and groups with subclinical disease.
At wrist joint level we faced the lowest concordance between the two imaging methods. MSUS depicted SH (grade 1 or 2, without PD signal) in 7/20 (35%) wrists, none being confirmed by MRI evaluation. This result raised the problem of wrist SH overestimation with MSUS, mostly in situations when the transducer is placed between the radius and lunate bone. The presence inside the joint space of hypoechoic inhomogeneous material distending the capsule may be interpreted as SH. A possible confounder could be represented by synovial folds being pushed inside the joint recess. So, in absence of any capsular distension visible at radio-scaphoid level, in absence of associated effusion or PD signal at this level one should be cautious in interpreting these modifications as MSUS radiocarpal synovitis.
MCPj evaluation was provocative. Concordance between MSUS and MRI in detecting joint effusion (grade 1 in both scoring systems) was high but joint by joint analysis revealed a total discordance between the findings' location. We concluded at this point that effusion grade 1 may be a challenge even for an experienced MSUS performer. More objective MRI findings could be explained by detecting these small quantities of effusion in the extreme lateral areas of the joint recess, a place with less accessibility for MSUS evaluation.
Regardless of the imaging method used, several other studies identified a low frequency of mild MCPj pathology (SH and/or E), mostly unilateral, sometimes associated with a low grade PDUS [25] [26] [27] [28] [29] [30] [34] [35] [36] [37] 40] .
Detection of intra-articular nutrient vessels may generate a false interpretation for the PD signal inside the joint. It is well known by now that subclinical PD positive synovitis is linked to further joint destruction in clinical remission RA patients [2] . In fact, PD signal is encountered more often in joints that show erosions [51] . Therefore, in joints without grey scale SH, presence of true PD signal must be carefully analysed [52] .
We detected no erosion and no bone marrow edema in any location suggesting that in very young healthy people these findings are absent in comparison to older healthy groups [26, 27, 34, 52] . Osteophytes showed a lower concordance between the two imaging methods. MSUS detected very small osteophytes in 40% PIPj vs 16% detected by MRI. Firstly, we could conclude that isolated osteophytes start to be present in very young healthy population (the same trend was observed also in cortical cysts). Secondly, the very sharp phalangeal bony cortex could be misinterpreted at MS US as an incipient osteophyte.
Our study has the advantage of comparing for the first time two high resolution imaging methods in healthy subjects offering a more objective mirror regarding possible imaging abnormalities. Indeed, the discussions were focussed on potential pitfalls to be encountered/avoided in clinical practice as well as in trials.
The limits of the study were the low number of participants, suitable only for a pilot study and the MRI protocol which did not include contrast agents. Contrast enhanced MRI evaluation has shown to be superior to the native one by detecting with a high accuracy synovial hypertrophy and differentiating it from effusion, both in joints and tendons. Because of ethical reasons we did not enrol healthy subjects for this kind of protocol, several studies showing a risk for potential side effects [53] . Another limit would be the absence of an interobserver reliability exercise, both for MSUS and MRI.
In conclusion, MSUS has been demonstrated to be a very accurate imaging method mostly for hand tendon evaluation. This will allow a better discrimination between normal and pathologic findings, adding supplementary information. In the young population, flexor tenosynovitis coupled with wrist/MCPj synovitis should trigger the practitioners' attention for early disease detection or future flare recognition.
